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Abstract

While the presence of water within biological systems is acknowledged to be of
utmost importance, its specific role at the molecular level within these systems has only
recently been studied carefully. Of particular interest are the effects of water on the
interactions that occur between topoisomerase-I and DNA. Topoisomerase-I relaxes
supercoiled DNA,a process critical for cellular processes such as transcription and
replication. Relaxation occurs when the enzyme breaks one strand of the double-stranded
DNA,rotates a broken end around the intact strand, and rejoins the two broken ends.
consequently changing the linking number of the supercoiled DNA by an increment of
one. While it is well known that water acts during the catalytic mechanism of the
enzyme to hydrolyze the phosphate backbone, other effects of water have not been
explored. Through the osmotic stress method, the role and amount of water involved in
the interaction between topoisomearase-I and DNA with regard to enzymatic activity has
been investigated. Four osmolytes(PEG 6000, PEG 600, betaine, and sucrose) were
introduced into the reaction at varying concentrations (molality), which is related to the
osmotic pressure (osmolality). Results of the osmolytes on the catalytic activity of the
enzyme were visualized and analyzed through the quantification of topoisomer band
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intensity, providing the percentage of DNA under these conditions that is converted to the
relaxed form. Our preliminary data suggests that the presence of osmolytes attenuates the
catalytic activity of topoisomerase-I. Thus, it appears that water may play an important
role in stabilizing the enzyme-substrate complex, enabling normal catalytic activity of
topoisomerase-I.
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I. Introduction

While the presence of water within biological systems is acknowledged to be of
utmost importance, its specific role at the molecular level within these systems has only
recently been studied carefully. The role of water in many biological systems where
natural fluctuations in its activity occur regularly (i.e. the kidneys) has been well
understood. However, contemporary research efforts have utilized a novel tool known as
osmotic stress to enable scientists to elucidate water’s role at the microscopic, molecular
level within other integral biological systems, including enzyme-substrate interactions.
These interactions usually require conformational changes in the enzyme or substrate,
generating an alteration in the quantity of water involved.
Osmotic stress allows us to indirectly affect the binding affinity of an enzyme for
its substrate through the manipulation ofthe activity of water. Many solutes affect
enzyme-substrate interactions through their influence on water activity.' Chemically
inert osmol3^es present in the enzyme-substrate solution cause the creation of a
concentration gradient for water. While the surfaces of these enzymes contain clefts and
crevices primed for interaction with the environment, these areas are generally soluteinaccessible due to the steric exclusion of large osmolytes. This inaccessibility creates an
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imbalance that causes water to flow down its concentration gradient from regions of high
concentration near the enzyme into the solute-accessible areas distant from the enzyme.
Because enzymes bind with their substrates reversibly, the presence of osmolytes will
shift enzymes toward their more dehydrated state.^ For example, in previous work, it has
been shown that the hexokinase enzyme’s affinity for its glucose substrate increases upon
addition of osmolytes to the reaction mixture.^ This increase in affinity can be explained
by the direction of water movement upon binding. Once hexokinase binds to the glucose
substrate water is released, shifting the protein to its more dehydrated state. Thus, in the
presence of osmolytes, this process is favored due to the release of water molecules.
Of current particular interest are the effects of water on the interactions that occur
between topoisomerase-I and DNA. Topoisomerase-I relaxes supercoiled DNA,a
process critical for cellular processes such as transcription and replication.^

Figure 1.2- Stages ofDNA supercoiling^- This image depicts various stages of DNA
supercoiling beginning with the most relaxed state (left) and progressing to the most supercoiled
state (right).

The topology of DNA plays a very important biochemical role, ultimately, in regulating
the rates of DNA replication and transcription. Duplex DNA plays the role of a storage
unit and must be separated into two, single strands in order to express the genetic
5-8

infomiation contained therein.

In order to fully understand the fundamentals of this
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DN A topology, it is important to be familiar with the concepts of uvists. wnthes. and
linking numbers. The linking number is the sum of the number of twists and ^^●rithes
within the duplex DN.A. The number of Pvists is represented by the number of mms
within the double helix. The number of writhes is represented by the number of times the
double helix crosses o\'er itself, within two dimensions.^ DNA that is under torsional
stress because of overwinding or undenvinding is classified as supercoiled. This
torsional stress can redisti'ubute itself down the DNA smand in the fomi of axial stress
10

causing the duplex to fomi writhes and become increasingly supercoiled.

E. Coli
Pass strand If

Topoisomerase I
Bind strand 1
{orange)

Close strand 1

Open strand I

{blue) through
strand I

Release DNA

DNA is less
coiled

Figure 1.3- Topoisowemse-1 mechanism of relaxation ‘ - As
topoisomerase-I binds to superhelical DNA. a single strand is nicked
and Linra\ eled

Topoisomerase-I possesses the role as a regulator of the topological condition of
12

an organism’s genetic material.

The active site of this enzyme contains t3n*osyl residues

that participate in a transesterification reaction, a nucleophilic attack on the phosphate
backbone of DNA. This reaction produces a covalent phosphotyrosyl bond between the
DNA strand and the protein. This newly formed covalent linkage keeps the genetic
material intact during the cleavage process. This cleavable complex has many important
pharmacological implications, as seen with the camptothecin family of topoisomerase-I
inhibitors. Following the unwinding event, the covalent linkage is broken via
nucleophilic attack of the hydroxyl moiety on the phosphotyrosyl bond. This reaction
yields a topologically transformed DNA strand and the tyrosyl residues that comprise the
13

active site of topoisomerase-I.

Relaxation occurs when the enzyme breaks one strand of the double-stranded
DNA,rotates a broken end around the intact strand, and rejoins the two broken ends,
consequently changing the linking number of the supercoiled DNA by an increment of
14

one.

While it is well known that water acts during the catalytic mechanism of the

enzyme to hydrolyze the phosphate backbone, other effects of water have not been
explored. Particularly, the following question pertinent to this process is: What is the
role and amount of water involved in the interaction between topoisomerase-I and DNA
with regard to enzymatic activity?
Almost all experiments to investigate the enzymatic properties of topoisomerase-I
have been performed at relatively low osmotic pressure. However, in living cells, the
enzyme operates in the cell nucleus where the concentration of DNA is extremely high
such that there is little room for the presence of water. Hence, the water concentration
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under biological conditions is much lower than that used for bench top experiments in the
laboratory. The objective of this study is to examine the behavior of the enzymes under
conditions that more closely mimic those found in living cells.

II. Methods

A.

Research design

In order to investigate the relationship between osmotic pressure and binding
affinity of topoisomerase-I for DNA,four different osmolytes, betaine, sucrose.
PEG600, and PEG6000 will be introduced at varying concentrations (molality),
which are related to the osmotic pressure (osmolality)."^ Effects of the osmolytes
on the catalytic activity of the enzyme will be visualized and analyzed by
separating topoisomers(supercoiled-relaxed) through gel electrophoresis. This
will provide the percentage of DNA under these conditions that is converted to
the relaxed form. Once an incremental increase in relaxed DNA is seen over
time in both the control and experimental groups, topoisomer bands can be
quantified through a program such as ImageJ, available through the NIH.
Furthermore, through the use of the Gibbs free energy equation, the amount of
water (actual number of molecules) involved in the topoisomerase-I/DNA
interaction can be determined upon substitution of the binding affinities
determined via a plot of relaxed DNA vs. time. To elaborate, the utilization of the
Gibbs free energy equation is necessary in order to consider the contribution of

osmotic pressure to the overall energetics of the system. In chemical
thermodynamics, work is the product of pressure and volume. Likewise, osmotic
work is the product of osmotic pressure and the volume change of water. By
substituting these variables of osmotic work into the Gibbs free energy equation
(AG = -RT In Kd + n AVw), the volume of water moved during this process can
be determined through an algebraic rearrangement of this equation(AVw = RT * ln(Kd^/Kd°)/ An). Finally, upon substitution of binding affinity (amplitudes)for
the dissociation constants, the equation becomes: AVw= RT * -ln(AVAV

By

using this equation, the change in water volume can be determined for the
particular process of investigation.
B.

Materials

1. Enzyme, DNA
-Topoisomerase I: Calf thymus topoisomerase I is purified by methods developed
by Invitrogen.
-Plasmid DNA: pUC 19 DNA is isolated from E. coli cells and purified with a
QIAGEN Plasmid Mega Kit. Using this kit, bacterial lysates are cleared by
centrifugation. The cleared lysate is then loaded onto the anion-exchange tip where
plasmid DNA selectively binds under appropriate low-salt and pH conditions. RNA,
proteins, metabolites, and other low-molecular-weight impurities are removed by a
medium-salt wash, and ultrapure plasmid DNA is eluted in high-salt buffer. The DNA is
concentrated and desalted by isopropanol precipitation and collected by centrifugation.
This double stranded, circular molecule of DNA contains 2,686 base pairs and is stored in
a solution of 50X TAE buffer at 303.15ng/ul.
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2. Buffers
-1 OX Standard buffer 1: 1,500 mM KCl, 100 mM imidazole, 10 mM
ditheiothretiol, 10 mM EDTA,at pH 7.5.
-50X Tris-Acetate-EDTA(TAE)buffer: 242 g Tris-base, 57.1 mL glacial acetic
acid, 100 mL 0.5 M EDTA. Diluted to 1 L with distilled H2O, at pH 8.5.
-5X Stop buffer: 2.5% SDS (sodium dodecyl sulfate), 0.05% bromophenol blue.
25 mM EDTA.
3. Osmolytes
-Sucrose: Molecular weight = 342.3 g/mol
StructureCH2OH
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-Polyethylene glycol 600: Average molecular weight = 600 g/mol
Formula- H-0(CH2-CH2-0)n-H
-Polyethylene glycol 6000: Average molecular weight = 6,000 g/mol
Formula- H-0(CH2-CH2-0)n-H
-Betaine: Molecular weight = 117.15 g/mol
StructureCH3

H3C

N

O

c

//

C
\

CH3

o

8

c.

Proceduresfollowed

Relaxation and parameter assays:

1.

A 1% agarose gel is made by mixing Ig of agarose with 2 mL of 50X TAB buffer

and 97 mL of distilled water. The solution is heated until the agarose is completely
dissolved. The solution is then filtered hot and poured into the gel electrophoresis
apparatus. Next, a running buffer is created by mixing 20 mL of50X TAB buffer with
980 mL of distilled water. Once the gel has set, this buffer is poured into the
electrophoresis apparatus’s chamber up to the fill line.
2.

Micro centrifuge tubes for each time interval sample are obtained and labeled

appropriately. The tubes are then filled with 5 pi of the 5X stop buffer.
3.

Micro centrifuge tubes for the different reaction mixtures (control, osmolyte) are

obtained and labeled appropriately. For the control reaction mixture, 177.8 pi of distilled
water, 20 pi of the I OX standard buffer, and 2 pi of pUC-19 are combined. For the
osmolyte reaction mixture, 177.8 pi of distilled water, 20 pi of the lOX standard buffer, 2
pi of pUC-19, and the appropriate quantity of osmolyte are combined, depending on the
osmolality desired.
4.

Reaction mixtures are placed in a sample heater at 37°C and allowed to

equilibrate for 10-15 minutes.
5.

Following equilibration, a 20 pi sample is removed from each reaction mixture

and placed into one of the micro centrifuge tubes containing the 5X stop buffer.

Q

6.

The appropriate amount of enzyme, depending on enzyme source, amount of

DNA substrate used, and desired time course, is then added to each reaction mixture.
7.

Reaction mixtures are incubated at 37°C after enzyme addition for the extent of

the desired time course. Samples are taken and placed in the 5X stop buffer at five
evenly spaced time intervals throughout the time course.
8.

After the time course expires, 2 \i\ of lOX BlueJuice gel loading buffer from

Invitrogen are added to each sample. Each sample is then loaded into the wells of the gel
matrix by group (control, osmolyte) and in chronological order.
9.

The agarose gel containing the DNA samples is exposed to a voltage of 21 V for

approximately 24 hours in order to separate topoisomers based on electron density.
10.

The gel is removed after 24 hours and stained with Sybr-Green nucleic acid gel

stain for 30 minutes. The stain is then poured out, and a picture is taken of the gel using
the Bio-Rad Gel Doc 2000. The picture is saved and printed.

Serial dilution of osmolality assays:

1.

A 1% agarose gel is made using same methods described in step one of the

relaxation assay method.
2.

A 96 well plate is obtained and appropriately labeled for each sample.

3.

Micro centrifuge tubes for each sample are obtained and labeled appropriately.

The tubes are then filled with 5 jil of the 5X stop buffer.
4.

Reaction mixtures (I control, 1 control plus topo-I, 7 osmolyte) are made. For the

control reaction mixture, 177.8 pi of distilled water, 20 pi of the lOX standard buffer, and
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2 jil of pUC-19 are combined. The osmolyte samples are made by first making up a
solution with 177.8 pi of distilled water, 20 pi of the lOX standard buffer, 2 pi of pUC19, and the appropriate quantity of osmolyte depending on the osmolality desired. From
this point, the sample is serially diluted by taking lOOul ofthe original sample and
placing it into a 200ul reaction mixture (177ul water, 20ul lOX buffer, 3ul pUC-19). This
process is then carried out six more times in order to complete the serial dilution.
5.

Reaction mixtures within the 96 well plate are placed in an incubator at 37°C and

allowed to equilibrate for 10-15 minutes.
6.

The appropriate amount of enzyme, 0.5 pi, is added to all samples but the first

control sample.
7.

Reaction mixtures are incubated at 37°C after enzyme addition for one hour.

After this time had expired, samples were taken and placed in the 5X stop buffer.
8.

2 pi of lOX BlueJuice gel loading buffer from Invitrogen is added to each sample.

9.

Each sample is then loaded into the wells of the gel matrix by group (control.

osmolyte) and in chronological order. The agarose gel is then run to separate
topoisomers as in steps ten and eleven of the relaxation assay method description.
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III. Results

The first phase of our study involved locating the best source oftopoisomerase-I
for experimental use. Human recombinant topoisomerase-I from Topogen, Inc. displayed
very low, if any, enzymatic activity, while calf thymus topoisomerase-I from Invitrogen
showed enzymatic activity that adhered to its corresponding unit definition. After
locating the best performing source of topoisomerase-I for experimentation, efficient
concentration and time parameters were determined. Once these parameters were set.
relaxation assays were conducted with osmolytic reaction mixtures in order to determine
the effects of osmotic pressure on the topo-I/DNA complex. The following osmolytes
were employed: polyethylene glycol 6000, polyethylene glycol 600, betaine, and
sucrose. The data suggest that three of these four osmolytes, polyethylene glycol 6000,
polyethylene glycol 600, and betaine, were poor osmolytes for probing the topo-I/DNA
reaction due to their ability to completely inhibit supercoiled pUC-19 relaxation via topoI, even at concentrations that correspond to an osmotic pressure comparable to that of
150mM KCl. The first phase of our investigation lead to the establishment of several
important parameters to be employed in future osmolyte experiments. To begin, we ran a
control experiment {Fig III.l) with 2 units human topoisomerase-I and 60ng of the

19

bacterial plasmid pUC-19 to see if DNA relaxation would occur. As shown in this
image, no relaxation occurred in this experiment.

■ K

Figure III.1: Relaxation Assay- 2
units human topo-I, 60ng pUC 19,
homemade TGS buffer

Next, we decided to detennine if the homemade buffer being used was dysfunctional.
We ran an experiment(Fig III.2) using the buffer sent with the human enzyme from the
company Topogen, Inc. Even with the company’s buffer, no DNA relaxation occurred.
This result indicated that there was no problem with the buffer and pointed to a problem
with the enzyme. According to Topogen, Inc., one unit of human topo-I should relax
250ng of supercoiled plasmid DNA in thirty minutes at thiity-seven degrees Celsius.
Note that 2 units of human topo-I were used with 60ng of DNA and incubated for one
hour at thirty-seven degrees Celsius, a concentration that should have exceeded
sufficiency to cause DNA relaxation according to the company’s unit definition.

I^

Figure III.2: Relaxation Assay- 2 units of
human topo-1, 60ng pUC-19, TGS buffer
Time inteix'als: 0,5,15,30,45,60 min

To verify our suspicions of unusually low enzymatic activity, we ran an experiment(Fig
III.3) using increasing amounts of Topo-1 per 60ng of DNA. Each sample was incubated
for 1 hour. As displayed, there was still a lack of DNA relaxation, even with such a
surplus of enzyme.
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Figure III.3: Relaxation AssayLane 1 : Control (no enzyme), 60ng pUC-19
Lane 2; 2 units human topo-I, 60ng pUC-19 Lane
3: 4 units human topo-I, 60ng pUC-19 Lane 4: 6
units human topo-I, 60ng pUC-19

I'o further conUrm that this source of topo-1 was faulty, we ran an experiment {Fig 111.4)
with all five bottles of topo-I sent from Topogen. All reactions were conducted with a
heavy excess of enzyme and incubated for one hour. Figure 111.4 clearly shows that 3 of
the 5 bottles were not working. Since bottles 1 and 4 seemed to be working, we began
running osmolyte experiments.
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Figure III.4: Relaxation AssayLane 1; Control, 60ng pUC-19
Lane 2: 5 units of human topo-I
60ng pUC-19
Lane 3
units of human topo-I
60ng pUC-19
Lane 4; 5 units of human topo-I
60ng pUC-19
Lane 5: 5 units of human topo-1
60ng pUC-19
Lane 6: 5 units of human topo-1
60ng pUC-19

(bottle 1),
(bottle 2),
(bottle 3).
(bottle 4),
(bottle 5),

(Note: All osmolyte experiments in Figure III.5-III.S were conducted with 25 units of
human topo-I and 6()0ng pUC-I9. Time intervals: 0,5,15,30,60 min. Control samples
within first 5-6 wells on left side ofgel. Osmolyte samples within second 5-6 wells on
right side ofgel.)
Figure 111.5 shows the results of an experiment run with a control mixture and a mixture
containing PEG 6000 at a concentration of 0.01 molality. The presence of osmolyte
clearly attenuated enzyme substrate affinity. Many more experiments were conducted in
this manner, and good results were obtained for a brief time. It is important to mention
that while these experiments were being conducted, we were still required to use much
mm-c enzyme than the unit definition recommended.

lb

Figures III.6 and 111. 7 display results from successful experiments. The control mixture
showed complete relaxation by one hour while the osmolyte mixture shows a much
slower rate of reaction.

tigme III. 7: PEG 6000 @ 0.01

I7

Figure IILH dt')ciiments \\ hen the enzyme began to start behaving inconsistently. Even
after an hour of incubation, the percentage of relaxed DNA in the control group was
much lower.

■fo circnm\ent reliability issues with the human topo-I, calf thymus topo-I

was ordered from In\ itrouen.

●.'A:

Fiiiure III.S: PEG 6000 @ 0.01m

Upon reception, a relaxation assay {Fig III.9) was conducted comparing the two sources
of topo-1.

Calf thymus topo-I showed complete relaxation at the five-minute interval,

while human topo-I showed very little relaxation, even at the one-hour time point.

1 X

Fiiiurc 111.9: Relaxation Assay comparing calf
tliN imis and human topo-I
(Calf thymus on left, human on right)
- 1 unit of enzyme and 600ng of pUC-19
-Time inter\ als: 0,5.15,30,60 min

Because the most efficient source of topo-I for use in these osmolyte experiments had
been identiilecl, research could now move to fine tuning this enzyme’s concentration.
Next, another relaxation assay was conducted {Fig III.IO) in order to determine the
concentration needed to visualize a gradual increase in relaxation over a five-minute time
course. '1 he concentrations used in this assay were not sufficient to relax the DNA
substrate.

IQ

^% »

T'i^itrc III.10: Relaxation assay(.12 units of calf thymus topo-I on left,.012 units of calf
thymus topo-I on right)
-OOOng of pUC-19
-Time inter\ als: 0, 1,2, 3, 4, 5 min

Figure III.II display.s a time course assay used to identify the best time parameters for
an enzyme/substrate reaction that employed 5 units of topo-I and 900ng pUC 19. From
this gel, we concluded that an incubation period often minutes would be sufficient to
allow the enzyme/substrate reaction to proceed to completion. Once we were able to
establish consistently effective concentration and time parameters for this assay,
osmolyte experiments were conducted using these newly established parameters.

">0

Figure III.11: Relaxation assay; detenriining timing/concentration
parameters(600ng of pUC-19 on left, 900ng of pUC-19 on right)
-1.2 units ofCT topo-I
-Samples obtained at following times: 0, 2, 5, 10, 20, 30 min.

(Note: Osmolyte e.xperiinents in Figures III.12 through 111.19 were conducted under
thefollowing conditions:
I. 200iil control reaction mixture containing 900ngpUC-19, 20ul oflOX TGS buffer,
and 5 units of CT topo-I.
2. 200ul experimental reaction mixture containing 900ngpUC-19, 20ul oflOX TGS
buffer, 5 units of CT topo-I, and the appropriate volume ofosmolyte solution.
3. Samples taken at thefollowing times: (0, 2, 4, 6, 8, 10)min.
4. Control samples within first 5-6 wells on left side ofgel. Osmolyte samples within
second 5-6 wells on right side ofgel.)
Figures III.12 through III.19 showcase the ability of the osmolytes PEG 6000, PEG
600, and betaine to attenuate, and in some cases inhibit, the relaxation of supercoiled

1

pUC 1 9 by lopoisomcKisc-1. l:\ en at extremely low molalities (0.01m,0.03m, etc.), the
reaction \\ as inarkedK’ attenuated, indieating that the three osmolytes employed are.
likely, interlering b\- a chemical mechanism, rather than an osmotic mechanism, as
intended. To \ erily that these osmolytes' mean of inhibition was through a chemically
reacti\ e process rather than an osmotic effect, serial dilution assays with PEG 600 were
run.
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Fiiiurc HI. 12: PEG 6000 @ 0.01m

Fiiiure III. 13: PEG 6000 @ 0.02m
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Tlie results seen in I'imnc 111.20 display a substantial loss of topoisomerase-I activity
and suggested that this en/\me should be stored within an insulated compartment at-20°
C. This re\ ision in storage procedure is an important lesson and will continue to be
employed w hen this en/\me is used in future experimentation.
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.221
Figure 111.20: Serial dilution of PEG 600
I ,ane 1 - control
l.anc2- control enzyme
Lane.^- PEG 600 G" 6.12m
l.anc4- PEG 600 (il 0.04m
Lanes- PEG 600 (cD 0.013m
Lane6- PEC'. 600
0.004m
l .anc7- PEG 600 (.t' 0.001m
LancS- PEXi 600 icv 0.0005m
LaneO- PEC'. 600 (cv 0.0001m

After obtaining a fresh supply of CT topo-1, another serial dilution ofPEG 600 assay was
run {Fi}4 111.21). Upon examining this gel, the relaxation trend in lanes 1-4 are as
expected; however, the topoisomers in lane 5 seem to indicate the presence of a
procedural error.
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I'iiiurc III.21: Serial dilution of
PlXi POO
Lane 1 - eontrol
I ane2- eontrol - enzyme
l.aneo- PIX! 600
0.12m
Lane4- PlXi 600 (,<? 0.04m
l.aneS- PlXl 600 (li 0.013m
Lane6- PL.Ci 600 (ii 0.004m
Pane?- PlXi 600 (^t' 0.001m
I.aneS- PfXl 600 {li 0.0005m
L.aneO- PLXi 600 (o' 0.0001m
Lane 10- PLCi 600 ici' 0.00005m

Con.scqucntly, this assay was repeated using the first five samples that corresponded to
the first Live lanes of the pre\ ious experiment (F/g 7//.22). The results in this gel verify
the initial suspicion of a chemical means of enzyme/substrate reaction inhibition.
Relaxation is only seen in the last two lanes, both of which contain a concentration of
PhCj 600 that is comparable to the osmotic pressure of 150mM KCl. With this in mind, a
set of serial dilution assays was conducted with sucrose as the osmolyte. Until this point.
sucrose had not been tested for its osmolytic effects.

">7

/■V"///v III.22: Serial dilution ofPEG 600
1 ane 1 - eoiitrol
l.anc2l .aneel.anedPane5-

eoiitrol * en/yme
PHCi (lOO
0.12m
PliCi OOO
0.04ni
PHCi OOO \ci 0.012m

As seen in I 'i^nrc 111.23. sucrose appears to be ati osmolyte viable for use in future
studies probing the osinolytic effects oti this enzyme, as it seems to act through an
osmotic elTeet as seen by the only partial inhibition of the topo-I/DNA reaction at a
concentration ol ().5m.
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111.2.^: Serial dilution of sucrose
1 anc 1 - ciMitrol
1 anc2- control - cn/yme
1 anca- sucrose yd 0.5m
l .anc4- sucrose (<; 0.17m
1 ane5- sucrose (a O.Ofrm

In summary, the osmolytes P1;G 6000, PEG 600, and betaine appear to be poor
osmolytes for prohitig the ostuolytie effects on topoisomerase-1. Conversely, upon initial
trials, sucrose appears to show protuise as an osmolyte to be used to better understand the
water volume chtitiges ttsstieitited with this cnzytiie/substrate reaction through the osmotic
stress technique.
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IV. Discussion

The goal of this experiment was to test the hypothesis that changes in water
volume are a critical determinant of topoisomerase-I/DNA reaction efficiency and that
this reaction will be attenuated when conducted in a solution containing osmolytes, as a
result of an increase in osmotic pressure. After discovering that the activity ofthe human
source of topoisomerase-I was inconsistent, successful relaxation assays were conducted
utilizing a source of topoisomerase-I purified from calf thymus. After finding this
consistently performing source of topoisomerase-I, time course parameters for the
enzyme-substrate reaction were determined as the percentage of relaxed DNA in solution
increased over time. After determining the best source of topoisomerase-1 and its
corresponding relaxation time parameters, osmotic stress experiments were conducted to
attempt to determine the number of water molecules moved upon the binding of
topoisomerase-I to its DNA substrate. PEG 6000,PEG 600, and betaine proved to be
poor osmolytes due to their ability to totally inhibit topoisomerase-I, even at low
osmolalities that corresponded to an osmotic pressure comparable to that of the 150mM
KCl reaction mixture (Fig III.12-19). This result seems to indicate that these osmolytes
are inhibiting the topoisomerase-l/DNA reaction through a non-osmotic effect. In
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contrast, sucrose seems to show promise for future osmotic stress experiments, as
reactions conducted in the presence of sucrose appear to show only partial, gradual
inhibition, a marker of an osmotic effect. Although a successful source of enzyme was
found and successful parameters were detemrined, storage conditions had to be
reconsidered after encountering additional cases of inconsistent enzymatic activity {Fig
111.20). Ostensibly, topoisomerase-1 is very sensitive to changes in temperature
occuiring within repeated freeze-thaw cycles. Furthennore, a loss of enzymatic activity
was obseiwed after attempting to circumvent issues with freeze-thaw cycles by aliquoting
the original sample into sample sizes small enough to be used on a per experiment basis.
allowing for the enzyme to have to be thawed only once. To remedy this problem.
insulated storage boxes were ordered that maintain the frozen sample’s temperature for
approximately half an hour at room temperature. From this point, we aim to conduct
additional osmotic stress experiments with sucrose as well as additional osmolytes
acquired through collaboration with the School of Polymers and High Perfoimance
Materials at The University of Southern Mississippi.

V. Conclusion

In this study, we have determined that calf thymus topoisomerase-I is the best
source of enzyme for use in topo-I/osmolyte experiments and that the osmolytes PEG
6000,600 and betaine are not employable in osmotic stress experiments. In the future,
osmolyte experiments with novel osmolytes will be conducted in order to understand the
changes in water volume that occur whenever topoisomerase-I binds to its DNA
substrate. This application of osmotic stress will provide insight into how proteins and
their substrates interact under physiological conditions. Since topoisomerase-1 is a target
for the camptothecin family of antitumor drugs, investigation of the effect of water
exclusion may have a substantial impact on new phannaceuticals whose activity is
determined by water activity within the nucleus. Ultimately, the expansion and
development of this idea on osmotic stress will allow for new discoveries on the
physiological behavior of topoisomerase-I, increasing our understanding to the function
ot this biologically important enzyme.

